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SECONDARY BATTERY AND NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material for a nonaqueous 
electrolyte secondary battery which has superior battery characteristics, in concrete, load 
characteristics, cycle characteristics, low-temperature characteristics and thermal stability 
even under far more severe using environments. 

SOLUTION: This is the positive electrode active material for the nonaqueous electrolyte 
secondary battery which has at least a lithium transitional metal complex oxide having a layered 
structure. Abundance of zirconium on a surface of the lithium transitional metal complex oxide 
is 20% or more. 
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if* L^„ 
[ 0 0 4 6 ] 

* fc , * » w *s r 14 , v t> j*m&&mm'&miky>><ommi<£i&m&&iii-t z> <n& . 

[ 0 0 4 7 ] 

it # £ <d - o p t tft -f 3 „ 

[ 0 0 4 8 ] 

^i^i^ffl^ib^s y ^^A^^^s^-e-^ft:^^^^^^ k & y •> J* <o m 
ht^/uan^ASrttRs*, it m m * n s „ 

± IE * 7& 14 » 4f tc PS 5£ $ *t ft V » „ 0U 7L 14 . => /\> Y k v? => — ? A <£> =t ft ^ ft <T> * fc 
[ 0 0 4 9 ] 

= A- h <r> it 4fc <4 # K PS ^ $ ft ft P „ m # W (c (4 * j£ & f£ *) 0 -5 J& T- *> ft f4 P i* ft 
tftffl"IitT'$)5o «»J x (4\ J£ -ft = ^< /u h . 3 ^ -ft a ^ ^ h . SK^^/i' h, ^ 35 8£ => ^< 
^ h , ffilf^A/U h^if If fjixS. ^T-fc, CoS0 4 - 7H z O, Co (N0 3 ) • 6H 2 
O ^ jf S LP, 
[ 0 0 5 0 ] 

v? ,\, = =. r> A <d it # ^) 14 m PS 36 ^ ft ft V* o £ * W (d 14 7k S % * t) 5 5STJbiitfP 
i* H t ffi ffl flg T- 3b 5 . ^ij 14* , Bft m V >\> = = •> , SB v* ^ ^ =■ -7 A , -> m v" 3 
^^A.^-dr^^-fli^^^^^A^^ifejtLS,, <p V i> . Zr (S0 4 ) 2 , ZrOCl 2 
J»* » * LP. 
[ 0 0 5 1 ] 
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, *mit* v <? * m it y * a * m wt ^ if e> tt 5 0 

[ 0 0 5 2 ] 

± SB * IS « Id , *«Mlcffl^6ttsy^i?iH»»&«a^»{b»^=y^yuity^9A 
o»^«^^^ryui^yi^=i^^^Sra:RS-fr. it JS ^ Sr » 3 . Fly f !) 

[ 0 0 5 3 ] 

~ y >5r /i/ cd "ft ^ ^ # pg £ £ ix # ^ 0 S^^^iiTK^^^^^P^^T'^tLtf^-rn 

tttffl^Iffit'fc^o « *. tf . ft =. * * , ^ ft =• v >r . * V it - v >r >^ . y >r 

^ . ffi St ~ y >r A- , ^i^«^;M^lf f)tl6 0 ttt, N i S O 4 • 6 H 2 O , Ni (N 
0 3 ) 2 ■ 6H 2 0*5»* L^o 
[ 0 0 5 4 ] 

T /\s ^ =- *? A <d it 3* m 4# RB $ ft ^ 0 S*W^(*7KSSffi*^9 5 5fit*fctitf 
iT ft t {£ *T#£ 3 0 « * li . «ft7;u^»> A, 3^t7/K^n, «k Ife T A* ^ - 
*8^T/U^^*A^^tfbft3 0 cfi T* t> . A 1 2 (S0 4 ) 3 - xH 2 0, Al (NO 
3 ) 3 • 9 H 2 O # # * L V^ 0 
[ 0 0 5 5 ] 

v # ^ <o Ik 4b f± «f \z pg £ ft * ^ o £*«jtc(i7kSS*^^ 9 5Stfctitf^f ti 
4> ^ffl «T«6.-c fc -5 o 09x_tf. ifeft^>#:/, 3^{k^>^>, «t Sfc ^ # v , mm-^^# 

> &mtf h ft Z> o M n S O 4 • 7 H 2 O . MnCl 2 -4H 2 0tfS#f£LV^ 0 

[ 0 0 5 6 ] 

o g\c , #fcftfcfl:JRfc«r%«b* TkgfeL. » *a « U fc « , BrJ£*0>y^*-Mfc£>4fci: 
S L , gg*^*fctt»*^ffiSrWJ»L*:#H«^^T. 6 5 0 - 1 2 0 0 t 1 

~"3 6«rlB*/*«rfTl/^ *«M^jEgfi#ff *#§:i^tl5. 
[ 0 0 5 7 ] 

y ^ * J*it-&m rdt»K pg^ $ ft # v*. w k « y ^ * * ft &ft a ^tn t « m 
«r « -c s> a . f%m v ^ <? , *mit v <? . ? y it v ^ <? ^ , sftyf 

9kitV 7- V J*. n^Mty^^A, ifkPf iBRftyf^^^^if&ixS. +r*t>, 

Li 2 C0 3 , L i O H N LiOH-H 2 0, Li z O, LiCl, LiN0 3 . Li 2 S0 4 
% LiHC0 3 , L i (CHjCOO)^ffH^, 
[ 0 0 5 8 ] 

[ 0 0 5 9 ] 

^c^J^, K ft ^ m m \f h tl Z> o ttt, L i 2 S0 4 , MnS0 4 - 7H 2 0. ( N H 4 ) 2 
S0 4 , A 1 2 (S0 4 ) 3 - xH z O, Mg S 0 4 ^ff^ Ll\ 
[ 0 0 6 0 ] 

^py>7c*S:ttfft^»tttti:H)ISn4^ B 0»J ^ tf, 7 ^ ft 7k * , 7 y {t it * . 7 

:yft7ks?tg£. ^ft*^, % sft . ®&ftm^. 7 y itmitmm , mit^m, •? n k^*^ 

, 3 * 'ft * * , ®ft:3r>^ N iga !?3ll»^¥lf 5>n5o t, N H 4 F % NH.Cl, N 

H 4 Br. NH 4 I S LiF. LiCl, LiBr, Li I. M n F 2 > MnCl 2 , MnB 
r 2 \ M n I 2 ^»J LP e 
[ 0 0 6 1 ] 

* * 5R ft ^ * L T , 4* (c PS ^ $ ti # i> o 0»J x- li. , * ^ ft » , ft ^ 9 S5 % y > ^ * 

biiS. ft't, B 2 0 3 , H 3 BO,#fft Lt>, 
[ 0 0 6 2 ] 
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IE t§ 42) ff £ Lt<Dtft«: + ^l^»$ji5„ 

Sfc» 1 2 0 0 o C.WTT*fc5<Z>#£J3;L<, llOOtWTTfcSrotfS 

T> lb ^«JI wiS TffoRI JEW JIB £ t£ S©l £ fife fife < I,*. 

& fife GO B# p B 1 fcfc , 1 T$ U ± T* £> -5 <D 7)5 # * L < . 6 B# m SI ± X fc 5 CO # «t >? # * L V* 0 

* fc , « J« 0> IHJ tt , 3 6«FP B lBlTT'*)5(O^JfJ K, 3 OlSfP^WTffoSCi^J; ►) 

*lfife#H^£LTI2, « * tf . £ , *»#^*5j:lJiilif,ia*#^, 7 > # * 
* & tt # * irroa^^^^^lt'CttSo 
[ 0 0 6 3 1 

[ 0 0 6 4 ] 

hB T* #> £ „ 
[ 0 0 6 5 ] 

< — > 

**W«)**«*«i:ft«»tt, ± Jfi L * » W «> iE * S * K «r ffl ^ * * «» ft ^ * 

« » -c *> s . #*9i©jEJse4fe«w:. !)^^A^^>--»:m?&s y^^A-c^->-xj?y^- 

[ 0 0 6 6 ] 

v ^ ? -J * °s ~frw.m & m ic m if x wtw T z> 

[ 0 0 6 7 ] 

IE }g ft 4?S9 fT £ L T*lB^©jESffi^lf £ t>lc-^:/;tfVg?JJ ^£A£ffl^-5r £ & X $ 
[ 0 0 6 8] 

^roi^ivy^yKDf^AtLTIl, — iKSiiL i ,Mn 3 .,0 4)f ( a l± 0 . 8 g 
a S 1 . 24-®fc-T«5:^^L < f 14 - 0 . 5 =S f =§ 0 . 5 Z Wi ^ ^ & * 3k -T » ) "C *l £ *L 

z > # > m v •> j* & & iz i, \<> . ~ <dt # v v , * <o — & ? * *s v j* 

, 7 ^ $ n £ A . U iv is A , ^ £ A N 9 is . 9 n A , # > , , a/^l/ 

= 3/^^, A3 , ffi IS , * h n v ^ ? A , 5? /u =i = ? A , = ^ 7 , ^e!) yfv, * ? *J <fc 
V * X a» b 5 #*» 5> » (fix S '> < £ fc 1 If tiTV^t t i i\ 

[ 0 0 6 9] 

* . lEfemmv. t LX&&W (OjEmisvv'gt t 1 k & y r t? j*m#& mi* 
^$Wt5l20Ty#>tyf ^aj: t) * £ » <r j* m&& m<tvo & m 

5Ct»SLl\ ^ ix Id <fc ■? US m (£ . ft ffi # *fc *J i £ 36 fc* It T- * < , ig3cm^tt±J 
£ *s T- # S o 
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[ 0 0 7 0 ] 

mmunis xx* v ^ v a -< * > & mmtk tu *r & ft <t ^ • a* & ft s » a> & ai tf ft5'>4< t 

i S n £■ £ , LiPb^*##rffe*L6. y^^A^^V^Piijg^ffi^HBft^^W^^L 

r Ht , « x. tf . ^ =7 ? r << k m is # * tf h ti z> . y * ^ a- > & « m n m pt ffi ft as 

[ 0 0 7 1 ] 

tftfKi Ltii, (^iiEt^f , ^»Lfc!5Lft^{t;^4&-e*)ixtf^J-Pfi^S 

n ft 

^-U^^7 — zt? ^ — fl/y^-^^ - h, *J * *f->Vl3 — *K — :x ^- /U # — tff 

^ — h , x f - ;U ^ f ;U ^7 - ^ ^ - h , > 7* yU * yU p< — h , y - 7 *T v =7 V V > , 2 - > ^ 

[ 0 0 7 2 ] 

ilfScffl^^^iftfii: itn, #j*.tf, ig^^^y^^A. eg^^/fb^^^y^ 

iiLf:gii:l«^l^ttl««i:t^ r r T* , y {fc #J « S: 8S *0 b , ^ /V 
[ 0 0 7 3 ] 

■fe s< & — b LTIi, #J x. tf . # y 3i ^ W > 8S\ *y / n t° u >Sf ^>^?LttK^^ 
[ 0 0 7 4 ] 

* 3d t l r wt , « * tf * #y7yft^=yf #!i7 a h?7^*pxf uy, # y 
r 5 k , r ^ y m m &m *f & ft £ . 

[ 0 0 7 5 ] 
[ 0 0 7 6 ] 

#«W^:Effi&4fc«£/Bv*T:Effi£Kjg^*#* L ^* ft S: » T I- » W t 5 . 
»J*5J:t;^f ffjo^I* til^tii: ^E^t^r t ic J: 0 lEg^^J^SIKt 5 C » & ft 

|6lt ]Effi<o«*toft»fEig-eS>5o i6(C/T^ixtV>5J:5l-, IE ^ l 3 . IE® 
ftfef 5^fet«4^J: D«lftl 2±(::<£}#£-^Tft£o 
[ 0 0 7 7 ] 

e> ft s „ l fc o r , ^stm^tt. »K*w«H£fc«ft6. 

* , *«W*>jE«e*«tt* «f #lti8«t5i#fc, »E » *fe lc « ft , * fc , « #J 
[ 0 0 7 8 ] 

mWm* , f «iEi*tft^'>^< t fcitB ( BP , frET'tSit't «t^o ) K » /* £ 

/g&aj^iigft^^w^s^te^ tt 
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?& tf* *S* If b *L 3 . 

^. »c #*gn<BjEffiefc«twu # * i- « *t . 

5, #»W«>*Jfe<Hrtt«:» ft J: 0*v^*k«***r*i-5*7kfllWII — 

?# -5 r i: # x- # 5 o 
[ 0 0 7 9 ] 

T , TIE I l«rA«©*«e»«i:b-Cffl^5**«*«rnJ:«»*si!feiffoixS. r tf> # 
*t(SI-ftllli, A «f 4* tt . ffi » «P , ffl ^ # & J: 8ft £ £ it T- ft < , Ji % m 
m \± *> «t xj <£ ± t£ ic t ffi n r v 5 . 

[ 0 0 8 0 1 

I : -KSiSL i,Mn 3 .,0,,, ( a li 0 . 8 S a S 1 . 2 ^«fctt?r$ L, f I* - 

o. 5 s f s o . 5&mtci-m&m^o)x*m£iiz>'?>'#>m , J^'?J*i:**&w<7>jE 

«J£*Kfcfflv*e>*L* V 3- V J*&&&R&&&ikM t £ . iffiiE-^^tfv^y f noli 
SrAH, Miey^*^«#&*«£-SMfc«Jj«>**«rB£Lfc»£-fc:, 0. 2 S B / (A 
+ B) SO. 8<0®ffljc/«c«,J;p(c^-a-i-5.^*S*P«-^S?t!iffljE^fS^M„ 

[ 0 0 8 1 1 

±IEiroiElie^K^ioV-'-CJ4, 0. 4 S B / (A+B) SO. 6 (£> IS B t- ft -5 £ ? I- 

E^ticti^* u^. o. 4SB/ (a + b) so. ewBitfejxif, :ftffi#t£» 
?S 14 . W t) m & is i V ffc & fc* it -C ft < , iB5t«»tti3J:t/ae^ttroiRl±* J *Lv^ 

A 1 <b "C fc €> „ 

ft *s . ±SEiroiEfiiS!i»K{c*5V>T«:, vy^y^y?!>Aro-g|i^ N ^ ^ -> a , 
TA-^n, # /U~> £ A , "J $ J* . ^oA % > # V , » , a /U h , = 

y -Jr A- . ® , ffilS, x i- nyf ^A, -^/unn^A. — ;?»- 7\ * y ^ -r >- , * £ 3i *s ,fc 
* X A> f> ft & m A* b M tt' ft 5 '> ft < it 1 Ifg^ JHT^t t iv\ 

.hie i i (v-gimmvdWicmi^bixz » ^ $ j* * * > * m t& m *i t& # it & %> t lxi*, 

a T i b O „ , c ( a 12 0 . 8 S a S 1 . 5£rTt7t-r£fc£3lL, b (i 1 . 5 S b S 2 . 2 frffii 
tc-t&Zmi- s c <i - 0 . 5 S c S 0 . 55rifcti[*it. ) -C*3ix5#zk*W« — 

*T it -e ft < , *4 f ft Klz fa ~ b £ & . 

[ 0 0 8 2 1 

H7I4, Rfa^m^o«5ttfjftl0raia-e*>-5. i 7 I:* J ix 5 J: 9 I: , R f§) Si m ftii 2 0 
fc Jo -C »i , 1 2 ± IC!E®&^ICJI£ff;j fcIE*£l 3i, * m ft 1 2±(c*^ 

5 „ . • 
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B8i4, => w ^ mm.M (o m^ft & & ft %i m m X- &> z „ isioT^tiei ?c« ^^vs 

t»3 0 tfcl^TIl, * ® # 1 2±(CjE«IS«9KS*r«^$-e-fciE«il 3 t % Afil It 
x -fe v< U- — * — 1 4Sr^LT, ^ £ tl X \> > 5 . 

H9I4, & mm.fti(o mm mum X- &> z> , i 9 $ih,5 i 5 c ^11140 

(C *J V* T ft . Itftl 2±t3E«S«lWJi«:JKj****:jE«l 3 i , ItK 1 2 ± # Jl 
e^KS*ff^J5g^-frfc*^ll 1 i: Hi , -fc a? U - * — 1 4 £ L T , if&OigLSfJlSjft.T^ 
5 „ 

[ 0 0 8 3 ] 

-y & , i'/i'-t, ss ?t? ® i s , a-Ki'^7*yt*, © ^ # *g , « ^ , as a 

fur, mis.->^-s<. mm i. m^mmm. s n * « ts , «s m y >- * > h 7 > -> - 
% - + , ^v^*** — s-j-zu* mi at:-. Ati mm . * * 5 jtr - H , /< y * 
r 7 t"!!, f-yu^-^, 7 s> ^- . — -yK^v^^U'^-, ^ > ^ w ^ y — , # — * 

;7* =i > h^-<^i? (CD) 7* U — -V , CftA - If, ^"t*y — ->3 > ~> 7.7" J»4£<D 

* , fig « s§ , 3: r 3 ^ , f nf, ^t^, ?a * s§ , jgs « , 7t--y>m^-^^v f 
ie . m&i-i. m,±m\cmfe z ti-r . m m m £ * m t -t 3 r t t -e # 5 „ 

[ * * 0*J ] 
[ 0 0 8 4 ] 

« t id mm m z * l t * « w & m # w ic k m -r * „ fc* u , * $1 m « r ^ e> \z. ps £ s n 

[ 0 0 8 5 ] 

1 . jr<D#»! 
C H & 0>J 1 ) 

J;^LT^3M;!K4Mc:j^j£Wiia/£tt:i:/.c.3J: 9 i£ fife Ifi => A- F-Tki&ifci:;*-* 
^yP3-i?A^SfffiSrjBTbfco ^ =*• *s tg -fk v> = = * A * t& W. 14 , -;^3 = 9AiS3/< 
/I'hKSlTO. 2mo l%i45J:9l;ITLt. Sl: P H7~7. 5 i: 45 J: 5 K* 
^-fk-^l-y^^TK^ffi^jjSTLs 6 01, @gi 6 5 0 r pmf^^/H-i^y^s^A 
£ it JR $ it . it JR « Sr » fc . & *b H tz it. ® V>> & M , SMI L Ac © , ^^Uf 

a 

[ 0 0 8 6 ] 

*» < 11 A, L T ^ 6 *6 * K Bf ^ <0 m & It t Z> X o lc * ■ = ^ ^ 
^yU3=!?A*Sj8[*BT Lfc. * ifi ft ^ ^ = ^ l> A * » WL fi . ^/u^^r>A^ 3 ^ 
^ K:*f LT0. 0 4mo 1 % i 4 5 i 5 CgT I t„ IlCpH7-7. 5 i ft 5 ± 5 K 
TK^^b^hy <? J* ffiT l, . 6 O'C. Ih]&^6 5 0 r p m "C '< ^ V t is = = ^ 

it JR * Sr » o »6ixfca:«»S:*H, TKgfe^, »ftlLtO*>, £*g£y 
f nift^u **fi:t 9 9 5 t-C7«fB«fiELfc. r^i^CLtlESg^Sirll 

/Co 

[ 0 0 8 7 J 

[ 31 S£ 0»J 3 ] 

5 7l<Si^ITl/:o Il:p H9 tiSJ: ^ l:*Sftt h y A*S»*»T L, 8 Ot 
, @fe» 6 5 0 r pmT'n^/l.h^^/^it^^. tt S ^> » tz 0 » b *l fc it Ift * 
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Sr 5 tfk * fffc it , m m m L tz <T> *, „ ift i^/u n = A J; V* ift y f- ^ A t L , IS 

*»Et«»Lfc»i«i'i:-ci!i7 5 ot-ciBi o m m & m. l fc „ & ft * = = * j* « it 

Sfel^Lt, -;* 3 = mifO. 0 3mo 1 % » •& S * fc . : O i 5 C L tI«iS 

[0 0 8 8 ] 

( it ©S #J 1 ] 

gfi^ilSIUIIHTRSDf !>A (Li 2 C0 3 ) . B H & ft: =■ '< A* h (Co 3 0 
„ ) , ffift^yUai^A (Zr0 2 ) £ <£ ffl L 7c „ ffi ^ 11 it «fc 5 «fc 5 K B& IE S t 

B ^ tpMc T 9 9 5"CT7l*WflSJ*L;fc. r»J; 5»=L-CjE«i&ttKS:»fc. 
[0 0 8 9 ] 
( it gfc #J 2 ] 

;5> < 1±^LT^3*«**K:M««lfll?fcit.kfc-5£ ? ^ «E » =« ^< ^ h**»e&WTLfc. 
r^T'p H 7 tiSi 5t*Sftt h !) ^Aiiffi^rlTL, 6 0 *C , 0*58:6 50 rp 
mTa^^^itiSJt, it Jg 4fc 3r 7c „ Wb^fcttS^Sr^jg, ifelLfcW 

% . mm » ^ <> t m & i- . ^sticti 04 stfT^Fii^Lfc. rwi jiati 
m m m k * in . 

[ 0 0 9 0 ] 

( it 155 #J 3 ) 

zfrmm&MTvtc. si: P H9 t^^j; h y ^atksk^btl, sot 

. S 0 r pm-ea/^ htsy^A'tftBS*. it IR » Sr » . » ix fc 8t IB *> 

£ 5 i© , * ifc m , » *& S L fc © „ V T 9 J* k tik& \^ . St*#JE«rfliy#PLfc*gH* 

1"i:t»7 5 Otffii o IB *£ /* L fc . r (DJ: jlittiEffiSftf Sr#fc. 

[ 0 0 9 1 ] 

2 . 11ifS«f (Dtttt 
( 1 ) IE « ® « <D « 

^ ffi #J 1 ~ 3 is £tJtt%im 1 ~ 3 -effjititiElgiSCo^T, I CP#3fc##rifc£r 

* ffi #y 1 T- f# t> ix 7c IE }S i& 4£> « f* , 0. 2mo 1 %ros^;l'= = |>AiJ!#ftt5L i C o 
O , "C «> o fc „ X P S (C J; »J , 1 f}|6ilfcIESgiI©$Il:Z r LTV^ 

-|:#SLt^5:i#!^i»ofc, ttfSICtJlUZ rO#S W ^ , 9 8. 3%T*fc 
o 7c „ 

* ffi M 2 T- # b *X fc EH e m V. tt > 0 . 0 4rao l%ro^^a = niS#ftt5L i C 

ti!^A»ofc, E P M A {:: J: 9 , *16 0ll2T*#P>ixfciESe^|fco^EroZr{i» 
^l-|:#iELti>5;i:ii»A>ofc 0 *i ffi tc :fc it 5 z r <7> # £ f ij Ji . 2 o % « ± w 

*16 0iJ3-c»P>ttfcjE*S^Kii, y^^A^s/^^u=.y</u. h^^-g-^fk^ic^L-co 

. 0 3 m o 1 % <7> v> /l' ^ !7A4!#ftt5L i N i „C o 0,1f*) o t, XRD ( 

it $6 #J 1 X' m ?> ix 7c IE & ® 4& ff tic , 0 . 2 m o 1 % <D v> = - £ A # # ?£ -f 3 L i C o 
01 *f # & L ^ C t 9i o „ *4 ^ 3? ffi *5 It 5 Z r <7> # £ #1 £• (4 , 12. 8 % T- o 7c 

o 

it «E 0ij 2 -C W C, tt IE m tS m « Ht . L i C o O 2 T* *> o . 
Jt»«3-C»P>ixfcjE«e4fc««t. L i N i o . 7 9 C o o . 2 , O 2 T- o 0 
[ 0 0 9 2 ] 
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H JfS 0*1 1 <T> V fl? Alf ^ig^KftfeCo^TE PMA(CioT2 6 0 n raflO 2 ^. 
IC o ^ r 7 4 v # #f £ LtzB^^m 1 1C * i". El l d» 6 * ifi 0>J l © V ^?^S#&J1«£- 
& ft m (4 . -t w u -f- <t> & ffi \z i? a> => = £ a a* i*) — # Sfc L r & d #r /4 s '> * v r t tfi # 

ttliiM 1 ©!J f ?Al^#gi^ift«ll:oV^TE PMAi:ioT 2 6 0 ^ m ffl © 2 ^ 
lio^T 7 W > £ LfcSl^ri 2 II 2 *» e> tfctafll l © y 

f Lt^5: <fc *s # 3 . 
[ 0 0 9 3 ] 
( 2 ) lE^fefe j|<DJt 

o 

H JS 0U 1 TM# ft /c IE «i S ^ W <T> S Oi m & , 0. 5 5 m 2 / g o 0 it if& #J 1 T' 

[ 0 0 9 4 ] 
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